A collection of tetrad-forming bacteria was divided into five groups by physiological and biochemical tests. Of these groups four were identified as species of the genus Pediococcus according to the classification of Nakagawa & Kitahara (1959). Useful differential tests were : pseudocatalase activity, catalase activity in the presence of heated blood, fermentation cf glycerol and maltose, salt tolerance, pH sensitivity, final pH value in glucose broth culture, growth temperatures, arginine hydrolysis. The remaining group, composed of the type culture of Aerococcus viridans and a strain of Pediococcus urinae-equi, was identified as A. viridans. The pediococci were compared with enterococci and two species, P. pentosmeus and P. acidilactici, appeared to be physiologically and biochemically more like Streptococcus faeciurn than is S . faecalis. 7 G. Microb. XL Downloaded from www.microbiologyresearch.org by IP: 54.70.40.11
INTRODUCTION
Pediococci are the least studied group of the homofermentative coccal lactic acid bacteria. They are similar to the streptococci in many respects and can only be completely differentiated from them by their mode of division, pediococci forming tetrads and streptococci chains. Pediococci are found most often on plant materials, in various foods and in alcoholic beverages such as beer. In Bergey 's Manual (1957) only two species are recognized, Pediococcus cerevisiae Balcke and P. acidilactici Lindner, and they are distinguished from one another on the basis of hop tolerance and optimum growth temperature.
At least two problems about the taxonomy of the pediococci have to be considered. The first concerns the placing of pediococci and streptococci into separate genera. Besides a difference in mode of division, a difference in the optical rotation of the lactic acid produced by the two groups has been used to justify their separation; pediococci were thought to form only inactive lactic acid and streptococci to form only L( + ) lactic acid. Orla-Jensen (1943), however, recognized an L( + ) lactic acid-forming organism as a pediococcus. Originally Orla-Jensen (1919) called this organism Tetracoccus no. 1 but subsequently (Orla-Jensen 1943) accepted it as Pediococcus halophilus Mees (1934) . More recently Nakagawa & Kitahara (1959) and Deibel & Niven (1960) have identified L( + ) lactic acid-forming tetracocci as pediococci. Even though there is some doubt about the identification of these organisms as pediococci, the finding of Langston & Bouma (1960) that two strains of Streptococcus liquefaciens ( S . faecalis) formed inactive lactic acid instead of the expected L( +) lactic acid, rules against the usefulness of the rotation of lactic unusual among lactic acid bacteria in that it can tolerate 18-20 yo NaC1. Another system of classification was used by Gunther & White (1961) who grouped pediococci according to optimum growth temperature, variation in colony diameter, degrees of growth turbidity, and times at which growth began after inoculation. This group of characters is of doubtful taxonomic significance and it seems clear that the work of Nakagawa & Kitahara (1959) provides a more useful basis for a classification of the pediococci.
The present investigation of the physiological and biochemical properties of some pediococci provides further information on the classification of these organisms. The organisms studied included the type culture of Aerococcus viridans, il species which Deibel & Niven (1960) transferred to the genus Pediococcus and included in the species P . homari (composed of L( +) lactic acid-forming cocci) which they proposed.
METHODS

Orgaclzisms,
The organisms examined and their sources are given in Table 1 . Those obtained during this investigation were isolated from fresh grass and silage macerates plated in the acetic acid + acetate agar described below.
Media. Basal medium agar, 'inoculum' medium, liquid medium, soft agar, heated blood + o-dianisidine agar and heated blood agar were those described previously (Whittenbury, 1963 (Whittenbury, , 1964 . Acetic acid + acetate agar was a modification of the medium proposed by Keddie (1951) as being selective for lactobacilli and contained meat extract (Lab Lemco), 0.5 g.; peptone (Evans), 0.5 g.; yeast extract (Difco), 0 . 5 ; Tween 80, 0.05 ml.; glucose, 1 g.; agar (Davis), 1.5 g . ; tap water to 90 ml.; adjusted to pH 5.4 and autoclaved a t 121" for 15 min. Before plating the medium 10 ml. of 2 M-acetic acid+sodium acetate buffer (pH 5.4) were added. Blood agar was 100 ml. melted basal medium agar at 45" to which was added 1 g. NaCl and then 5 ml. defibrinated ox blood. Lysed blood agar was 100 ml. melted basal medium at 45" to which was added 5 ml. of a 1 + 1 by vol. mixture of ox blood and sterile water.
Tests. Tolerance of potassium tellurite, arginine hydrolysis, relationship to oxygen and fermentation tests in soft agar, reduction of 2,3,5-triphenyltetrazolium chloride, methylene blue and litmus, ability to grow a t various temperatures, catalase activity on heated blood agar and pseudocatalase activity on glucose (0.05 %, w/v) nutrient agar, formation of H202 on heated blood + o-dianisidine agar and the dissimilation of citrate and malate were tested as described previously (Whittenbury, 1963 (Whittenbury, , 1964 (Whittenbury, , 1965 . The ability to grow a t pH 8.0 and above was tested by the method of Chesbro & Evans (1959), the final pH value of the medium being adjusted as required. The ability to grow lower than pH 8.0 was tested in glucose (0.5 %, w/v) soft agar. The final pH value reached in glucose (1 %, w/v) liquid medium initially a t pH 6.5 was measured electrometrically after 1 week at 30'. Aesculin hydrolysis, hippurate hydrolysis and motility were tested by the methods of Gemmell & Hodgkiss (1964).
Incubation. Unless otherwise stated, incubation was aerobic at 30'.
RESULTS AND DISCUSSION
The Gram-positive tetrad-forming organisms were divided into groups and subgroups ( glucose (1 yo, w/v) but lacking haem compounds. All the organisms except Aerococcus airidam dissimilated malate in the presence of glucose but none used malate as a source of energy. All grew and formed acid from glucose at 10" and 37", and fermented fructose, galactose and mannose. None fermented meso-inositol or inulin.
All the organisms except those in group 3 grew uniformly throughout the aerobic and anaerobic portions of glucose soft agar adjusted to pH 6.8. One of the group 3 strains, Pediococcus NCDO 1250, first grew in the anaerobic portion. As acid diffused towards the surface, however, growth appeared in the aerobic portion, indicating that a lowering of pH value overcame the organism's requirement for anaerobic conditions. This interpretation appeared to be confirmed by the following observations. -4cid-forming growth developed simultaneously and uniformly throughout glucose soft agar adjusted to pH 5.0 and the organisms grew aerobically on glucose agar adjusted to pH 5.0 but not on glucose agar adjusted to pH 7-0. The remaining two strains in this group also showed an initial preference for anaerobic conditions in media at the higher pH value but, in contrast to the other strain, they both grew aerobically at pH 7.0.
Zderztificatioiz ofgroups I , 2a, Zb, 3 aizd 4. Several problems arise in the application of names to these groups, apparently similar organisms being given different names by different investigators. The genus Pediococcus was introduced by Balcke ( 1884) when he gave the name Pediococcus cerevisiae to tetrad-forming cocci which multiplied in beer. Additional names have been applied to ' beer-sarcinae ', although the organisms were not clearly distinguished from the original species of Balcke (1884), and several species have been proposed for pediococci isolated from sources other than beer. A definite advance in the taxonomy of this genus was made by Nakagawa 92; Kitahara (1959) who examined strains, some of historical importance, which they received from various sources and compared them with their own isolates. The whole collection was divided into five species of which one, P. cerevisiae, was distinguished from the others principally by ability to grow in hopped wort and beer, requirements for low temperatures, acid media and CO,, a preference for anaerobic conditions, and the range of substrates fermented. The fact that these organisms could multiply in beer provides strong evidence of their identity with Balcke's original P . cerevisiae, the type species of the genus. The four remaining species of Pediococcus accepted by Nakagawa & Kitahara were derived from materials other than beer and they were found to be susceptible to the action of hops. More recently Giinther & White (1961) and Coster & White (1964) applied species names quite differently and introduced a new binomial, P. parvulus, for one group. On the important question of their use of the name P . cerevisiae Coster & White (1964, p. 27) erroneously attribute this binomial combination to Pederson, and they put forward the inadmissible contention that their cultures were more typical of the genus than the less common strains from breweries.
Inevitably the strains examined in the present work were named according to Nakagawa & Kitahara (1959) . Table 3 shows the features that appeared to be the most suitable for differentiating the species. Pediococcus acidilactici and P. peiztosaceus seem to be quite similar to each other and they might eventually be grouped as one species. If this were done the name P . acidilactici would have priority.
It is difficult to relate this classification exactly to others proposed in the recent literature because of the different methods used in the various investigations Nevertheless, an attempt is made in Table 4 to show approximately the equivalence of names and designation which have been published since the year 1959. The fact that one species of some investigators appears to be similar to two or three species or designated groups of others illustrates the present disagreement in opinion on the classification of pediococci. Properties usejul in the differentiati0.n 
of the pediococci
Results expressed as in Table 2 Species 
urinae-equi A erococms viridans
IdentiJicntion of the group 5 organisms. The results in Table 2 show that the two organisms in this group are very similar. One, 5b, is Pediococcus urinae-equi IAM 1684. It is the original culture of Mees (Mees, 1934) and was studied by Nakagawa & Kitahara (1959) who expanded its description and retained it in the genus Pediococcus. The other organism, 5a, is Aerococcus viridans NCTC 8251, and is the type culture of the genus Aerococcus described by Williams, Hirsch & Cowan, 1953. It is considered by Deibel & Niven (1960) to be a pediococcus and was included by them with similar organisms in the species P. homari. Deibel & Niven (1960) thought this species was very similar to P. soyae as described by Sakaguchi (1958) which is synonomous with P. halophilus, Mees (Nakagawa & Kitahara, 1959) . The results of the present investigation suggest that P. homari (assuming the culture of A. viridans studied here to be typical of this species) and P. urinae-equi are strains of the same species and that P. hornari is a synonym of P. urinae-equi and not of P. halophilus.
Although the two organisms in this group 5 are similar to pediococci in that they form tetrads and ferment sugars, they have properties not normally associated with lactic acid bacteria-i.e. the ability to grow well on nutrient agar lacking sugars, acid-sensitivity and slight acid-forming powers in weakly buffered media. They also differ from previously described pediococci in that they have a preference for aerobic conditions. Anaerobic growth in sugar soft agars is slight and develops after a more dense acid-forming growth has appeared in the aerobic portion of the medium. With glycerol, mannitol and sorbitol as energy sources growth is strictly aerobic. Hydrogen peroxide is a product of the aerobic metabolism of these organisms and tends to inhibit growth on solid agar media unless it is destroyed as it is formed by the inclusion of manganese dioxide or catalase in the medium. The large areas of greening (a-haemolysis) produced by these organisms on blood agar are presumably caused by H202 as these areas matched exactly the H202 zones formed on blood agar containing o-dianisidine poured to cover half the blood agar plate.
To include these organisms in the genus Pediococcus would not be helpful at the present time. Although they have a superficial resemblance to the pediococci they also have physiological properties in common with respiratory-deficient mutants of staphylococci unable to synthesise iron porphyrins. Until more is known about these possible relationships the species Aerococcus viridans should be maintained. Pediococcus urinae-equi is here allotted to that species.
The similarity of Pediococcus pentosaceus and P. acidilactici to Streptococcus faeciuna. Towards the end of this investigation it became clear that Pediococcus pentosaceus and P. acidilactici were physiologically and biochemically similar to some enterococci which were studied earlier (Whittenbury, 1965) . A comparison of these two species with Streptococcus faecalis and S . faeciurn showed that a closer resemblance existed between these pediococci and S. fuecium than between S . faecalis and S . faeciuin. An example is given in Table 5 where the properties of a strain of P. pentosaceus are compared with those of a strain of S. faecalis and a strain of S . f aecium.
A a strain of P . pentosaceus, however, was unreactive with bacterial extracts other than of itself. ,4part from tetrad formation, which is not always easy t o detect, a few tests ( Table 6) still distinguish Pediococcus acidilactici and P . pentosaceus from the enterococci and should prove useful in the routine identification of enterococci isolated from' materials likely t o contain these pediococci. 
+ -
This example of a similarity between certain types of pediococci and streptococci seems reasonable evidence for suggesting that it would be more logical t o group these organisms in one genus rather than in two genera. A comparative study of pediococci and streptococci with this possibility in mind should precede any formal proposals on the definition of the genus Pediococcus and of species within the genus.
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